or mow treatments. At Waddell, the management strategies compared were clean culture (at this location only postemergence herbicides were used), mowing of resident weeds with a vegetation-free strip in the tree row, and a 'Salina' strawberry clover (Trifolium fragiferum) cover crop with a vegetation-free strip. The cumulative 3-year yield (1994-95 through 1996-97) of the clean culture treatment was 131 kg (288.8 lb) per tree, which was signifi cantly greater then the 110 kg (242.5 lb) per tree yield of the mowed resident weed treatment. The yield of the strawberry clover treatment, 115 kg (253.5 lb) of oranges per tree, was not signifi cantly different from the other two treatments. The presence of cover crops or weeds on the orchard fl oor was found to have benefi cial effects on soil nitrogen and soil organic matter content, but no effect on orange leaf nutrient content. The decrease in yield in the disked or mowed resident weed treatments compared to the clean culture treatment in both locations was attributed to competition for water.
M
anaging weeds on orchard floors in flood-irrigated Arizona citrus groves can be accomplished by disking, mowing, applying pre-and postemergence herbicides, or by growing a cover crop. Weeds in fl ood-irrigated Arizona lemon groves have traditionally been managed by disking of the orchard floor (two to eight times per year) (Hilgeman and Rodney, 1961; Jordan and Day, 1973;  personal observation by the authors in 2002). Disking is done in two directions (i.e., crossdisked), so that there is no herbicide-treated strip down the tree middle. Disking adequately controls weeds on the orchard floor except for nondisked areas underneath the tree canopies where bermudagrass, purple nutsedge, and other weeds survive. However, disking prunes tree roots near the soil surface reducing shallow root density compared to clean culture with herbicides (Hogue and Nielsen, 1987; Parker et al., 1993) . Additionally, tree shallow root density under cover crops is often even less than in disked areas (Hogue and Nielsen, 1987; Parker et al., 1993) . These shallow roots are the primary sites of water and nutrient uptake for the tree (Davies and Albrigo, 1994) . Careless operation of equipment also results in broken branches and injured trunks that can provide an entry point for plant pathogens (Matheron et al., 1998) . Disking increases the soil seed bank by burying weed seeds in the soil, inducing seed dormancy, and brings buried weed seeds to the surface exposing them to light, breaking seed dormancy and stimulating germination (Ross and Lembi, 1999) . In the Yuma Mesa lemon production area, disking incorporates weed biomass into the soil that provides an ideal breeding habitat for the liohippelates eye gnat, (Liohippelates collusor) (Metcalf and Metcalf, 1993) . The prevalence of disking and resulting large populations of this annoying pest resulted in the formation of a pest abatement district. Mowing weeds on the flood-irrigated orchard floor has not been widely practiced in Arizona because it leads to a grass sod which competes with the tree for water and nutrients and has other negative attributes such as reducing irrigation efficiency. Traditionally, preemergence herbicides have not been widely used in Arizona groves with sandy soils because flood irrigation can leach some herbicides such as bromacil, diuron, and simazine into the tree root zone causing injury (McCloskey and Maurer, 1997) . In the early 1990s, when this experiment was initiated, glyphosate was not commonly used in citrus groves. Broadcast applications of postemergence herbicides, especially glyphosate, have only recently become used in fl ood-irrigated Arizona citrus groves as a replacement for disking (Knapp, 1999) . Occasionally, foliar injury symptoms caused by glyphosate can be found at the base of tree canopies, but this injury does not affect tree yield (McCloskey and Wright, 1999) .
Recently there has been renewed interest in using cover crops in Arizona citrus groves. Cover crops suppress weeds (Bordelon and Weller, 1997; Bradshaw and Lanini, 1995; Ross et al., 2001; Teasdale, 1996) , increase water infiltration (Gomez et al., 2002; Roberson et al., 1991; Walsh et al., 1996) and increase soil organic matter content (Bugg et al., 1991; Hogue and Neilsen, 1987; . Cover crops have the potential to harbor beneficial predatory insects in citrus (GraftonCardwell et al., 1999) and other orchard crops (Altieri and Schmidt, 1986; Tedders, 1983) . Irrigated cover crops can decrease soil and canopy temperatures (Hogue and Neilsen, 1987; McCloskey et al., 1996; Walsh et al., 1996) . Legume species, used for cover crops, that can be adapted to citrus production practices, appear to have greater potential benefits than nonlegume broadleaf and grass cover crops or resident weed species because legumes add nitrogen to the soil (Sainju and Singh, 1997) . Legume-derived nitrogen may increase nitrogen available for tree growth and fruit production thereby decreasing the requirement for nitrogen-fertilizer inputs (Marsh et al., 1996) . Potential disadvantages of using cover crops in citrus and other perennial crops include reducing crop root and trunk growth (Bordelon and Weller, 1997; Hogue and Neilsen, 1987; Parker et al., 1993) and creating habitats where populations of phytophagus insects (Altieri and Schmidt, 1986) , nematodes (Marks et al., 1973) and other pests may be sheltered . Other disadvantages include the difficulty in moving irrigation water through the cover crop in fl ood-irrigated basins, and increased risk of freeze damage caused by reducing the amount of bare soil that would normally act as a heat reservoir during the winter (Hilgeman and Rodney, 1961; Hogue and Neilsen, 1987) .
The availability of less injurious herbicides for weed control, an increased awareness of the possibility that older herbicides and disking may injure trees, and financial payments from the Yuma County Pest Abatement District to reduce disking on the Yuma Mesa, prompted an investigation of alternative methods of orchard floor management. Thus, our objective was to compare tree crop responses to different methods of reducing weed population densities. The methods studied included traditional mechanical weed control strategies, newer, safer chemical alternatives and biological alternatives in the form of cover crops. To that end, tree yields, fruit packout, weed populations, leaf nutrient content, and soil characteristics were measured in the different methods used to reduce weed densities. These methods included the traditional practices of disking and mechanical mowing, the use of pre-and postemergence herbicides to maintain a weed-free orchard floor, and the use of a cover crop.
Materials and methods
YUMA MESA ORCHARD FLOOR MANAGE-MENT STUDY. Treatments were initiated in the Fall 1993 in a 4-year-old, floodirrigated 'Limoneira 8A Lisbon' lemon grove on the Yuma Mesa [soil series: Superstition Sand, a sandy, mixed, hyperthermic Typic Calciothrids (Barmore, 1980) with a pH of 7.9 to 8.4.]. The trees were about 3.0 m (10 ft) in height at the start of the experiment and were planted on 6.1-m (20-ft) centers. The four treatments were arranged in the grove using a randomized complete block experimental design with four replications. Each treatment unit consisted of a row of 30 trees with treatments applied on row middles on both sides separated from adjacent treatment units by a row of trees that provided a buffer. Weed control in the grove before the beginning of the experiment was accomplished solely by frequent disking. The entire grove was disked in October 1993 before the initiation of the experiment. The original four methods of weed control evaluated in the experiment were mowing, chemical mowing with reduced postemergence herbicide rates, clean culture using preand postemergence herbicides, and disking (the grower standard against which the other treatments were compared). Cultural operations in each treatment are listed in Table 1 . Disked plots were treated when weed height exceeded 0.6 to 0.9 m (2 to 3 ft). In 1996, the experiment was completed after two disking operations. Mowed plots were treated when the broadleaf weed height exceeded 0.6 to 0.9 m. Frequency of mowing decreased as the bermudagrass density increased due to suppression of broadleaf weeds. Preemergence herbicides were applied to the clean culture plots in November 1993, November 1994, and October1995. The need for postemergence spot treatments of weed escapes in the clean culture plots was reduced over time as germinating weed seeds were killed by the preemergence herbicides and the soil-surface seed bank was not replenished by disking or new seed production.
The chemical mow treatment did not provide effective weed control and the populations of several undesirable weed species began to increase. In addition, rank growth of weeds began to restrict access to the treatment plots and hinder additional chemical mow applications; therefore, on 26 July 1994 this treatment was mowed and on 8 Apr. 1994 glyphosate was applied at 7.0 L·ha -1 (3 qt/acre) to terminate the treatment. Plots assigned to the
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shred prunings that hindered applying herbicides to the orchard floor within the tree row.
Weed species composition and populations were estimated on 15 Dec. 1993 , 24 Jan. 1994 , 28 Mar. 1994 , 7 June 1994 , 22 July 1994 , 21 Oct. 1994 , 22 Feb. 1995 , 9 May 1995 , 1 Sept. 1995 , 8 Jan. 1996 , 24 Apr. 1996 , 31 July 1996 , and 29 Oct. 1996 Timing of fruit harvest and nature of harvest [ring picking or strip (total) harvest] was specifi ed by each contracting packinghouse and was based on market conditions. Professional pickers hand-harvested lemons from each plot. For the 29 Sept. 1994 , 4 Oct. 1995 , and 12 Dec. 1995 harvests, the pickers selectively picked only the fruit on the tree with a diameter greater than 52.4 mm (2.06 inches), using a metal ring (the ring pick-harvest). This diameter corresponds to a fruit size of 165 fruit per 17-kg (37.5-lb) box. For the 3 Oct. 1996 harvest, pickers used a ring with a diameter of 49.2 mm (1.94 chemical mow treatment were disked to prepare a seedbed, planted with 'Salina' strawberry clover on 28 Oct. 1994, and irrigated in an attempt to establish a cover crop. Emergence and establishment of strawberry clover was unsuccessful.
The preemergence herbicides, oryzalin [Surflan (Dow AgroSciences, Indianapolis)] and norflurazon [Solicam (Syngenta Crop Protection, Greensboro, N.C.)] were used in this study because citrus injury caused by these herbicides is rare. The preemergence herbicides and some postemergence applications of glyphosate [Roundup Original or Roundup Ultra (Monsanto, St. Louis)] were broadcast to the entire orchard fl oor using fl at fan nozzles operated at low pressure 138.0 to 172.5 kPa (20 to 25 lb/inch 2 ) and a tractor-pulled sprayer. Spot treatments of glyphosate and sethoxydim [Poast (BASF Ag Products, Research Park Triangle, N.C.)] were applied using flat fan nozzles at low pressure in the clean culture treatment to control weed patches between tree rows and to control bermudagrass under the tree canopies. All postemergent herbicides were applied with the appropriate adjuvant, either nonionic surfactant (NIS) or crop oil concentrate (COC). In addition, the entire experiment was mowed on 7 Dec. 1994 to inches), corresponding to a fruit size of 200 fruit per box. Fruit that were too large to pass through the ring were harvested. For the final harvest of each year (2 Dec. 1994 , 28 Feb. 1996 , and 6 Dec. 1996 , all the remaining fruit was picked (the strip-harvest). Fruit from each row was harvested into the standard 544.3-kg (1200-lb) wooden bin, transported to the packinghouse, then weighed, and processed separately through automatic sizers to give fruit diameter (packout). Yield data from the two or three harvests of 30 trees per plot were combined to give total annual yields per plot. Mean treatment yields were calculated from the four replicate plots per treatment. Leaves were collected in August 1994 and 1995 from three trees in each treatment plot in each block and pooled by treatment and block. For analysis of nitrogen, phosphorus, potassium, and sulfur, the samples were dried in a forced air oven at 60 °C (140.0 ºF) and ground through a 40-mesh screen before wet digestion. The digestion for nitrogen analysis was as described by Mitchell (1972) . A nitric acid digestion method was used to prepare the leaf samples for potassium, phosphorus, and sulfur analysis (Perkin-Elmer, 1982) . Nitrogen, phosphorus, and sulfur were analyzed colorimetrically (Mitchell, 1972; Jackson, 1958) ; and potassium was determined using atomic absorption spectrometry at 766.5 nm (model 3100; Perkin-Elmer Analytical Instruments, Shelton, Conn.).
Data were analyzed using SPSS statistical package (SPSS Inc., Chicago). Analysis of variance tests and means separation tests were used where appropriate. Some of the weed count and percent ground cover data violated the assumptions of normality and homogeneity of variance necessary for an analysis of variance test. In these cases, the data was transformed by calculating the log 10 of the original data, and analysis of variance was conducted on the transformed data. Where the transformed data still violated the assumptions of normality and homogeneity of variance, the original, untransformed data were analyzed using Friedman's nonparametric test.
CITRUS AGRICULTURAL CENTER ORCHARD FLOOR MANAGEMENT STUDY.
Treatments were established in the fall of 1993 in a 3-year-old, flood-irrigated 'Valencia' orange grove planted on 6.7-m (22-ft) centers at the University of Arizona Citrus Agricultural Center, Waddell, Ariz. Three treatments were arranged in a randomized complete block design with four replications. Buffer tree rows (i.e., trees not included in any treatment) surrounded the experiment and separated each block from other blocks. Each treatment unit consisted of nine trees arranged in a 3 × 3 square. The orchard floor management treatments were 1) a 'Salina' strawberry clover crop, 2) mechanically mowed resident weed populations, and 3) clean culture with no vegetation (i.e., bare ground) maintained using postemergence herbicides. The strawberry clover and resident weeds occupied about 4.6 m (15 ft) in the middles between tree rows leaving strips of bare ground about 2.1 m (7 ft) wide centered on the tree rows. The clean culture treatment and vegetation free tree-row strips in the strawberry clover and resident weed treatments were maintained using hand labor and spot treatments with glyphosate. Glyphosate was applied in a 2% solution (v/v) using a hand-held controlled-droplet applicator [Herbi (Micron Sprayers, Bromyard, Herefordshire, U.K.)] on an as needed basis about monthly. The strawberry clover was mowed to remove weeds emerging from the clover canopy. Weeds were mowed so as not to impede harvesting and cultural operations. Mowing occurred in June, then again in October or November of each year. Trees were fertilized annually with 605.2 kg·ha -1 (540 lb/acre) nitrogen in the form of ammonium sulfate (24N-0P-0K), split among three applications.
In this experiment, all the fruit on a tree was picked at the same time and weighed. The 1994-95 harvest was conducted in stages as follows: block 1 on 24 Feb. 1995, block 2 on 2 Mar. 1995, block 3 on 10 Mar. 1995 and block 4 on 7 Mar. 1995. The 1995-96 and 1996-97 harvests were conducted in a similar sequential fashion. Leaf samples were collected in August 1994 and 1995 from three trees in each treatment in each block and pooled by treatment and block. The analyses of nitrogen, phosphorus, potassium, and sulfur were conducted as described above for the Yuma Mesa orchard floor management study. Soil samples were collected on 5 Dec. 1996 from the top 0.3 m (1 ft) of the soil profile to measure total nitrogen, total organic carbon, and total organic matter in the different orchard floor management treatments. Ten-gram soil samples were air dried, ground with a chain grinder and passed through a 2-mm (0.08-inch) sieve. The sieved samples were milled in a Spex ball mill (Spex CertiPrep, Matuchen, N.J.). A 4-g (0.14-oz) subsample was treated with 10% phosphoric acid and oven dried at 80 °C (176.0 °F) for 48 h to remove inorganic carbon for the determination of organic carbon and organic matter (Artiola, 1990 ). The remaining sample was analyzed for total nitrogen content. Samples were analyzed for total organic carbon and nitrogen by high temperature combustion using a nitrogen, carbon, and sulfur analyzer (model 1500; Carlo Erba Reagenti, Rodano, Italy) (Artiola, 1990) . Organic matter content for these samples was calculated using the method of Page et al. (1982) . Untransformed yield, leaf analysis and soil sample data were analyzed using analysis of variance tests and means separation tests using the SPSS statistical package.
Results and discussion
YUMA MESA ORCHARD FLOOR MAN-AGEMENT STUDY. Weed populations changed within a year of the implementation of the various orchard floor management strategies as illustrated by the percentage ground cover data for some of the more common weeds (Figs. 1 and 2 ). The population levels of all weed species were very low in the clean culture treatment indicating the efficacy of the herbicide treatments. Similar herbicide effectiveness has been reported in experiments conducted in Florida citrus groves (Singh et al., 1990) . The percentage ground cover of bermudagrass remained very low in the clean culture plots because oryzalin and norflurazon killed most emerging seedlings and the postemergence applications of sethoxydim controlled the established plants (Ross and Lembi, 1999) (Fig. 1) . Purple nutsedge control in the clean culture treatment was due primarily to the preemergence use of norflurazon and postemergence spot treatments of glyphosate (Ross and Lembi, 1999) (Fig. 1) .
Low rate applications of glyphosate in the chemical mow treatment were not effective in controlling many weed species and the populations of several undesirable weed species such as bermudagrass and purple nutsedge began to increase (data not shown). In addition, rank growth of weeds began to restrict access to the treatment plots
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and hinder additional chemical mow applications; therefore, we terminated this treatment. Emergence and establishment of strawberry clover was unsuccessful, probably due to the rapid drying of the sandy soil surface after irrigation, the inability to frequently irrigate due to scheduling restrictions imposed by the irrigation district and possibly due to poor seed quality.
Disking suppressed bermudagrass in the area between tree rows although ground cover increased in the intervals between disking operations and during the summer, as can been seen from the data collected in the first half of 1996 (Fig. 1) . The bermudagrass plants present under the canopy of the trees in the disk treatment were not contacted by the disk and provided a source for reinfestation. Similarly, purple nutsedge ground cover increased during the summer months between disking operations as shown by the data collected in July 1994, May 1995, September 1995, and July 1996 (Fig. 1) . The disruption of apical dominance by disking that stimulates the growth of shoots from previously dormant tubers (Holm et al., 1977) and the rapid growth rate of purple nutsedge, resulted in rapid reinfestation of disked areas during the summer. Bermudagrass ground cover rapidly increased in the mow treatment over the course of this experiment (Fig.  1) . Bermudagrass became the dominant weed in the mow treatment and it appeared that it would eventually completely cover the ground in this treatment if this experiment had been continued. Other warm season species that increased in the mow treatment were field sandbur (Cenchrus pauciflorus) and purple nutsedge although their population numbers were still lower than bermudagrass (Fig. 1) . Mowing of middles in Florida citrus groves was also found to perpetuate the presence of bermudagrass and other monocot species (Tucker et al., 1997) .
Comparison of the disk and mow treatments indicated that mowing suppressed broadleaf weeds compared to grasses and purple nutsedge. For example, common purslane (Portulaca oleracea) covered 34% of the ground in the disk treatment but only 7% in the mow treatment in July 1994, and covered 11% of the ground in the disk treatment versus 1% in the mow treatment in July 1996 ( Fig. 1) . Similarly, the percentage ground cover of two winter weed species, london rocket (Sisymbrium irio) in February 1995, and annual sowthistle (Sonchus oleraceus) in February 1995 and April 1996 were significantly greater in the disk treatment than in the mow treatment (Fig. 2) . The populations of broadleaf weeds such as common purslane in the summer [Fig. 1 (July 1994 , May 1995 , and July 1996 ], and london rocket and annual sowthistle in the winter [Fig. 2 (February 1995 and April 1996) ], rapidly increased in the disk treatment between disking operations. Grass and nutsedge species are more tolerant of mowing because their meristems are near the ground at the base of the shoots, whereas the meristems of broadleaf weeds are at the apex of the shoots and are removed by the mower (Ross and Lembi, 1999) . In addition, as the amount of space occupied by bermudagrass and purple nutsedge increased, the opportunity for broadleaf weeds to become established in the mow treatment decreased [Figs. 1 and 2 (January 1996 and April 1996) ].
There were no significant yield differences among orchard floor management treatments for the 1994-95 season ( Table 2 ). The 1995-96 and 1996-97 treatment yields showed that the yield of the clean culture treatment was significantly greater than either the mow or the disk treatments (Table 2) fruit yield was significantly greater when weeds, especially bermudagrass, were completely controlled than when weeds were present. Orchard floor management studies in other tree crops have also measured greater yields in herbicide clean culture treatments compared to other management treatments such as disking or cover crops (Hogue and Neilsen, 1987) . The mow and disk treatments were not significantly different from one another although the disk treatment had numerically greater yields in the 1995-96 and 1996-97 harvests. This yield trend was correlated with a greater percentage ground cover of bermudagrass in the mow treatment during the 1995-96 harvest and 1996-97 harvest compared to the 1994-95 harvest. Several studies have documented greater tree vigor, trunk cross-sectional area and yield in disking or cultivation orchard floor management systems compared to grass sod (Hogue and Neilsen, 1987) . Hilgeman and Rodney (1961) reported, in a 15-year study on 'Marsh' grapefruit (Citrus paradisi) in Arizona, that yields of trees under a nontillage, chemical weed control program was greater than yield of trees under a disking program or yields of trees competing with a bermudagrass sod. Jordan (1981) found that 'Valencia' orange trees competing with mostly annual weeds (as in the disk treatment of this study) produced more fruit than trees competing with bermudagrass. Thus, we speculate that the lemon yields of the disk treatment might have surpassed the yields of the mow treatment over a longer time period as percentage ground cover increased and the effect of the bermudagrass infestation became more severe.
In addition to greater total yield, trees in the clean culture treatment yielded more fruit at the fi rst (4 Oct. 1995) harvest of the 1995-96 season (Table 3 ) and the second harvest (6 Dec. 1996) of the 1996-97 season (Table 4) . Furthermore, trees in the clean culture treatment yielded more fruit in the 115 (fruit per box) or larger size categories than trees in the disk or mow treatments (Table 5) . Similar results occurred during the second harvest of the 1996-97 season with respect to fruit sizes greater than or equal to 140 (Table 6 ). Although for the 3 Oct. 1996 harvest, mowing and disking led 
to larger fruit than did the clean culture treatment, this may be due to the large yield of the 1995-96 season in the clean culture treatment that suppressed early season bloom and fruit sizing the following year. Nonetheless, when the two 1996-97 harvests are combined, the clean culture treatment yielded 23.2 kg (51.15 lb) per tree of fruit size 140 or greater, compared to 10.5 kg (23.15 lb) per tree for the mow treatment and 16.0 kg (35.27 lb) per tree for the disk treatment. Since lemon producers typically receive greater returns for fruit harvested early in the season and for large fruit harvested at any time, the greater total yield and larger fruit size in the clean culture treatment has the potential to enhance economic returns to growers relative to the disk or mow orchard fl oor management schemes. Competition for nutrients limits crop yield in some agricultural production systems. However, there were no significant differences among treatments in the level of nitrogen, potassium, phosphorous, and sulfur in leaves collected in August 1994 and 1995 (Table 7) . Nutrients were within normal ranges suggesting that none of these nutrients were limiting for tree growth or fruit production (Wutscher and Smith, 1993) .
Several studies indicate that competition between weeds and trees for water is significant, and may lead to yield losses (Hogue and Neilsen, 1987) . Tucker et al. (1997) used 20 soil moisture resistance blocks installed at 15 and 30 cm (5.9 and 11.8 inches) depths in each treatment middle to measure soil moisture in an almost clean culture treatment achieved through chemical application and mechanical mowing, a mechanical mowing treatment, and a chopping treatment (equivalent to a disking treatment) in a Florida citrus grove. During dry periods, they found there was significantly less soil moisture in the mowing and chopping treatments compared to the intensive clean culture treatment. Weeds present in the former two treatments were using significant amounts of water and competing with the trees for this resource. Unfortunately, Tucker et al. (1997) did not measure tree growth or yield. Jordan (1981) measured soil moisture at 23, 46 and 96 cm (9.1, 18.1, and 37.8 inches) depths midway between trees at 2-week intervals using a neutron probe. In general, plots without weeds had significantly more soil moisture than plots with weeds. The soil moisture differences were correlated with 'Valencia' orange leaf water potential measured in a pressure chamber. Both predawn and midday leaf water potentials were significantly more negative in plots with weeds than in plots without weeds. Orchard floor management studies in apple (Malus ×domestica) orchards also found that vegetation on the orchard fl oor resulted in reduced soil water content compared to cultivated or herbicide clean culture treatments and that these differences were correlated with growth and yield differences Walsh et al., 1996) . Competition for water may not be the only cause of reduced yield in this study. Shallow root pruning, as occurred in the disk treatments, would be expected to reduce water absorption and increase tree stress (Parker et al., 1993) . Allelopathy may also partially account for the success of bermudagrass, in interactions with other plant species, particularly in the mow treatment. Smith et al. (2001) found that when seedling pecans (Carya illinoensis) were irrigated with bermudagrass leachate, total seedling dry weight was reduced by about 16%. Although presumably bermudagrass would not be as detrimental to mature trees, an allelopathic effect cannot be ignored. Thus, the lower lemon yields of the disk and the mow orchard floor management treatments on the Yuma Mesa may have been due to allelopathy, competition for water and damage to shallow roots in the disk treatments.
CITRUS AGRICULTURAL CENTER OR-CHARD FLOOR MANAGEMENT STUDY.Analysis
of the winter 1994-95 'Valencia' orange harvest data found no significant differences among the three orchard floor management treatments (Table 8) . The large within-treatment variation in the 1994-95 yield data was due to vigor differences between trees caused by their young age and varying degrees of frost injury sustained in 1992. The 1994-95 harvest data were also considered preliminary because the strawberry clover cover crop was not well established until early 1995. The 1995-96 harvest data and the 3-year cumulative yield data indicate that tree yields in the clean culture treatment were greater than yields in the mowed resident weed treatment (Table 8 ). This result is consistent with the yield differences measured between the clean culture and mow treatments in the Yuma Mesa experiment, the other citrus experiments discussed above and many other orchard floor management studies (Hogue and Neilsen, 1987) . The major weeds in the mowed resident weed plots were barnyard grass (Echinochloa crus-galli), mexican sprangletop (Leptochloa uninerva), horseweed (Conyza canadensis), and prostrate pigweed (Amaranthus blitoides) in the spring, summer and fall and annual sowthistle (Sonchus oleraceus) in the winter. Bermudagrass was not present at this study site. Trees in the 'Salina' strawberry clover cover crop treatment had an average yield that was intermediate between and not significantly different from either the clean culture or the mowed resident weed treatment yields (Table 8) . Soil samples collected in Dec. 1996 showed that the resident weed and strawberry clover treatments had a beneficial impact on soil characteristics (Table 9 ). The strawberry clover treatment had significantly more total soil nitrogen, total organic carbon, and total organic matter than either the resident weed or the clean culture treatments. The resident weed treatment had intermediate amounts of organic carbon and organic matter but did not have significantly more soil nitrogen than the clean culture treatment. Although there were differences between treatments in total soil nitrogen levels, there were no significant differences among treatments in the level of nitrogen in the leaf samples collected in August 1994 and 1995 (Table 10 ). There were also no differences in potassium, phosphorus, and sulfur content of the leaf samples and none of the four nutrients were limiting for tree growth or fruit production (Table 10) . These results are similar to those found in other orchard floor management studies where both legume and nonlegume cover crops increase soil nitrogen and organic matter but it was often difficult to measure differences in nutrient levels among treatments (Hogue and Neilsen, 1987) . These results were also similar to those discussed in the Yuma Mesa experiment and suggest that water was probably the limiting resource that impacted yield. However, the improvement of soil characteristics and the intermediate yield of the straw- berry clover treatment (which was not significantly different from the clean culture yield) offer encouragement that better irrigation management might avoid tree water stress and result in higher yields although it is often difficult to compensate for the water and nutrients used by cover crops (Hogue and Neilsen, 1987) . Another benefit of the strawberry clover treatment observed in this experiment was effective suppression of resident weed species similar to that noted for other legume species (Ross et al., 2001 ).
Other potential benefi ts include reduction in canopy temperatures. (Hogue and Neilsen, 1987; McCloskey et al., 1996; Walsh et al., 1996) . Reduced canopy temperature may reduce physiological fruit abscission, which is most severe when leaf temperatures are high (Davies and Albrigo, 1994) . Reduced canopy temperatures may also increase the amount of carbohydrates available for fruit production by increasing the amount of photosynthetically fixed carbon and by decreasing the amount of carbon respired at night (Syvertson and Lloyd, 1994) . All these factors may have compensated for the competition for water between the trees and the clover. Alternatively, there was little numerical difference between the resident weed and clover treatment tree yields over the course of this study, and it is possible that a prolonged study would have resulted in no yield difference between those two treatments. In both studies it appeared that the yield reductions caused by resident weed populations could be avoided by removing the weeds using herbicides. While mowing or disking suppressed broadleaf weeds or grasses and sedges, respectively, these management practices resulted in significant yield reductions in both the Yuma Mesa study and the CAC study. Finally, in situations where light was not limiting for tree growth and none of the nutrients tested appeared to be limiting, it appeared that any treatment that reduced water availability to citrus trees reduced yield.
